Abstract -Geochemical analyses of selected coastal and seafloor samples from Sabang Area revealed abundances of trace and rare earth elements. The selected samples of element abundances were mostly taken from seafloor in the vicinities of active fumaroles either by grab sampler operated from survey boat above fumarole point or by diver directly took the samples on the seafloor especially at Serui -Sabang Bay. Results show that samples closed to seafloor fumaroles demonstrate plenty of trace and rare earth elements. The trace and rare earth elements mean values (n=10) are: Nb (4.33 ppm), La (16.52 ppm), Ce (38.82 ppm), Nd (19.15 ppm), Ce (38.82 ppm), Pr (4.907 ppm), Nd (19.15 ppm), Sm (4.04 ppm), Gd (3.95 ppm), Dy (3.38 ppm), Th (6.432 ppm), and U (4.335 ppm). Negatively, statistical correlations between Fe, Zn, and Ni as the main sulphide elements with sulphur is interpreted that sulphide minerals do not form in the Sabang Sea. Sea water influence in the mineralization process was shown by the good correlations between Fe, Zn, Pb, Ni, and Ba.
Introduction
Sabang is a city located in Weh Island, Aceh -the northwesternmost province of Indonesian Territory (Figure 1 ). The city itself is located at the northern part, but administrativally the whole island belongs to Sabang territory. This includes mountainous area covered by dense forest in the west, central, and southwest of the island.
The mountainous area shows a belt of volcanic cones observed from three dimensions terrain earthgoogle as well as from field works. Two belt orientations are recognized within southeastnorthwest and south -north direction. It seems that the volcanic belt reveals an active volcanism in Weh Island and surrounding waters.
Surface volcanisms are observed in the middle of Sabang Island at shallow coastal waters of Serui and Pria Laot as well as at its coastal zone. The activities take the form of fumaroles, solfatars, hot mud pool, hot ground, hot spring, and gas bubbles in water column above seafloor vent.
A number of scientists (e.g., Heinrich et al., 1999; William-Jones et al., 2002; and Gilbert and Williams-Jones, 2008) suggested that there were common trace and rare earth elements deposited in the vicinities of active volcanoes. However, the mechanism of that element occurences might be discussed for a better understanding of whether or not those elements could become together in association one to another. This paper presents and discusses geochemical, including trace and rare earth elements, data of the rocks and sediments from the Sabang Submarine Volcano, Aceh. The discussion is focussed on how such elements deposited closed to the volcano. Marine geological and geophysical researches as well as statistical analyses have been done to better understand such relationship.
Regional Geology

Geology of Weh Island is largely influenced by the Great Sumatran Fault or simply Sumatran
Fault (Curray et al., 1979; Bellier and Sebrier, 1994; Sieh and Natawidjaja, 2000; Dirasutisna and Hasan, 2005; Suhanto et al., 2005; Barber et al., 2005; Crow and Barber, 2005; and Curray, 2005) . At the northern part of Sumatra, the fault is separated into two segments: Banda Aceh and Seulimeum (Sieh and Natawidjaja, 2000) . The Banda Aceh segment is running at west side of the capital city of Aceh Province which is not active, while the active segment -Seulimeum continues to Weh Island. The combination of active fault and active volcano arrange the geology of Weh Island, and the island volcano belongs to Sunda volcanic belt which runs through the length of Sumatra (Tikoff, 1998) . Regional marine geological and geophysical mapping had been conducted by MGI (Marine Geological Institute of Indonesia) in 2011 (Tim Geomarin I, 2011) . The survey had identified the continuation of Sumatran Fault below the seafloor in the seismic record -south of Weh Island. Figure 1 . Location of Weh Island in volcanic belt of Sumatra which is incorporated by Great Sumatran Fault above subducted Indo-Australia Oceanic Plate (Source: Simoes et al., 2004) . To understand the geology of the island, caldera collapse concept developed by Lagmay et al. (2000) was used. There are three collapse models, i.e. (a) a collapse model perpendicular to compressive regional main stress, (b) a collapse model perpendicular to normal fault, and (c) a collapse model influenced by transform fault with movement parallel with the fault (Figure 2) .
The study area is interpreted to resemble the c model as it is influenced by Sumatra transform fault, and the collapse model is manifested by formation of calderas in the northwest and southeast of Weh, parallel with fault movement to those directions which nowadays are recognized as Sabang Bay and Balohan Bay (Figure 3) .
The model is also important to explain the direction of magma progress. It tends to move to the collapse area. There are two areas as mentioned above, which nowadays are observed as the most active volcanic activities. The caldera collapse is an important aspect for hydrothermal fluids, because it acts as a conduit for the fluids reaching the surface.
Methods
Marine geology and geophysics were used to acquire the data. The marine geology includes seafloor sediment and rock samplings either by grab sampler or diver. The sampling was also conducted at coastal zone, especially at the most active volcanism area in Serui and Pria Laot, in the middle of studied area.
The marine geophysical method used was shallow penetration single channel seismics, aiming to map the distribution of seafloor active or non-active fumaroles. Some interesting seafloor features were revealed from seismic survey.
The geochemical analyses used is an inductively coupled plasma atomic emission spectroscopy (ICP-AES). The analysis was carried out by PT Intertek Jakarta and is used to identify trace metals and major elements. The samples in the field were taken by two methods. The seafloor samples were acquired by grab sampler driven above from survey boat and by divers especially in the vicinities of active fumaroles. Another method was by conventional geological sampling through taking samples by a geological hammer from outcrops in a coastal zone. All samples selected for geochemistry were mostly lavas and some pyroclastics and sediments. The sample standard used was sensitive and rapid throughout instrumentation ICP-OES and ICP-MS. Before being analyzed in the instrumentation, the samples were decomposed by applying acid digestion and fusions.
Statistical method is necessary to examine correlation between the individual elements. The statistical method used is correlation coefisien. Correlation coefisien (r) is a statistical method to compare two parameters and geologically be interpreted its genesis. Parameters compared are trace and rare earth elements through its content either in ppm (part per million) or % (percent).
The coefisien value closed to 1 (one) means a very good correlation between two parameters or termed as perfect sympathy, closed to 0 (zero) Base metal elements such as Cu, Ni, Fe, Zn, Pb, and Mo were also correlated to sulfur (S) to investigate the formation of sulphide minerals. The formula used is from Rollinson (1995) :
Results and Discussion
The analyses results of rare earth elements (REE) are shown in Table 1 . while base metal elements that supposed to form sulphide minerals are presented in Table 2 .
Geochemical data of Andaman, Semangko, and Sabang/Weh areas (Table 3) demonstrate abundances of elements and oxydes. In Sabang, the abundances occur at some locations closed to fumaroles. Mineralization activities could be observed at Pria Laot coast, while fumaroles noticed by divers occur at a shallow sea of Serui (sea depths 5 to 23 m) and Pria Laot (sea depth less than 10 m). In the vicinities of seafloor fumaroles (sample code using SERUI -(DIVING) in Table 1 (Table 3) . Volcanic rocks from the Semangko Bay, southeast of Sumatra, has a lower value of lanthanum (13.33 ppm) compared to sample from Weh Island. Andaman and Semangko are used for a comparison as these two locations are located at the same Sunda volcanic belt. Some trace and rare earth elements of Semangko show higher contents than Weh and Andaman Islands possibly due to different tectonic setting, where Semangko is more related to transition of oblique and frontal subduction zone between Sumatra and Java, while the latter islands are located in the middle of oblique subduction Sumatra.
The data show that fumarole activities either on seafloor or on coastal zone contain more abundant trace and rare earth elements. This view was based on the analyses of geophysical data -shallow marine seismics (Figure 4a ) and geochemical analyses of rocks and sediments especially obtained from seafloor in the vicinities of active and non-active fumaroles (Figure 4b ). Geochemical data of active fumaroles is shown in Table 1 as indicated by sample numbers SERUI -(DIVING).
An interesting phenomenon was observed at the seafloor closed to active fumaroles. In the rim of fumarole vent there is an encrustation of white colour materials (Figure 5a ). according to Gilbert and Williams-Jones (2008) these materials are rare earth elements (Figure 5b ). Data on REE contents of fumarole vent of Weh Island and its comparison is shown in Table 4 .
Statistical analyses were conducted for all rare earth elements by calculation of coeficient correlation for each pair of elements. Example of calculation is shown in Table 5 , and all the calculation results are demonstrated in Table 6 .
The result shows that the r value of Y versus La is 0.746635. This significant r value could be interpreted that the occurrence of rare earth element Y at submarine volcano environment is associated with La. It means that the increased of Y element in a volcanic product resulted from seafloor fumarole activities would be followed by increased of La content. All r calculation for REE was done through pair by pair of rare earth (Table  6) . Based on these all REE coefficient correlation calculations from samples taken in the vicinities of active seafloor fumaroles, it is interpreted that the REE contents would be increased in accordance with increasing activity of fumaroles. Furthermore, the r value of Y versus La gained Note: <dl = below detection limit Figure 6 . This figure also tends to indicate that a strong positive correlation occurs between Y and La. Base metal elements (Table 2 ) which form sulphide minerals with sulphur were also correlated. The results (Table 7 and Figure 7 ) demonstrate that four base metals, those are Fe, Zn, Ni, and Mo, are moderate to strong correlated with sulphur (S),whilst the four rest elements (As, Ba, Cu, and Pb) show very weak to moderate correlations with S. Table 7 The influence of sea water in the mineralisation process was also investigated through statistic analyses correlating barium (Ba) with base metals (Shellabear, 2012) . Ba is only well concommittant with Fe, Zn, Pb, and Ni (Table 7) . The correlation among elements of REE will be discussed further by utilizing spider diagram as shown in Figure 8 . This diagram is used to analyze tectonic setting of the study area. The REE average composition at the study area was normalized to the composition of Mid-Oceanic Ridge Basalt (MORB). Contents of some rare earth elements are high. such as: Y=21.6 ppm; Dy=4.5 ppm; Gd=4.3 ppm; Nd=19.9 ppm; Sm=5 ppm. and Yb=2.4 ppm. Figure 8 also shows that the content of light rare earth elements (LREE) are much higher than the contents of Mid-Oceanic Ridge Basalt; while the heavy rare earth elements (HREE) are lower. This spider diagram pattern resembles to geochemical characteristics of subduction zone which is composed of magma series calk-alkaline (Rollinson. 1995) . All those samples used for analyses of REE provenance are andesitic lava. tuff. and sand sediments enriched in andesitic fragments taken from the vicinities of seafloor fumaroles.
Conclusion and Suggestion
All the rare earth elements (REE) were interpreted to form in the same process of deposition by fumaroles surrounding the craters which could be either active or non-active.
On the other hand, sulphide minerals do not form in the Sabang water, because there is no correlation between Fe, Zn, and Ni as the main sulphide elements with sulphur. All are statistically negatively correlated. Well correlations between Fe, Zn, Pb, Ni, and Ba is interpreted to be due to sea water influence in the mineralization process. (Rollinson, 1995) . REE compositon was normalized to MORB (Source: www.tulane.edu). 
